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Abstract 


The Near Earth Asteroid (NEA) Scout is a solar sail mission whose objective is to scout at least one 
Near Earth Asteroid to help prepare for human missions to Near Earth Asteroids. NEA Scout will 
launch as a secondary payload on the first SLS-Orion mission. NEA Scout will perform a small trim 
maneuver shortly after deploy from the spent SLS upper stage using a cold gas propulsion system, but 
from that point on will depend entirely on the solar sail for thrust. As such, it is important to 
accurately characterize the thrust of the sail in order to achieve mission success. Additionally, the solar 
sail creates a relatively large solar disturbance torque that must be mitigated. For early mission 
design studies a flat plate model of the solar sail with a fixed center of pressure was adequate, but as 
mission concepts and the sail design matured, greater fidelity was required. Here we discuss the 
progress to a three-dimensional sail model that includes the effects of tension and thermal deformation 
that has been derived from a large structural Finite Element Model (FEM) developed by the Langley 
Research Center. We have found that the deformed sail membrane affects torque relatively much more 
than thrust; a flat plate model could potentially model thrust well enough to close mission design 
studies, but a three-dimensional solar sail is essential to control system design. The three-dimensional 
solar sail model revealed that thermal deformations of unshielded booms would create unacceptably 
large solar disturbance torques. The original large FEM model was used in control and mission 
simulations, but was resulted in simulations with prohibitive run times. This led us to adapt the 
Generalized Sail Model (GSM) of Rios-Reyes. A design reference sail model has been baselined for 
NEA Scout and has been used to design the mission and control system for the sailcraft. Additionally, 
since NEA Scout uses reaction wheels for attitude pointing and control, the solar torque model is 
essentially to successfully design the NEA Scout momentum management control system. We have 
also updated the estimate of diffusivity used for the aluminized sail material based on optical testing 
of wrinkled sail material. The model presented here represents the current state of the art of NASA’s 


ability to model solar sail thrust and torque. 
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Figure x) NEA Scout Three-Dimensional Sail Model (Z-axis exaggerated) 


800 


700 


Total Force (micro-N) 


200 Design Reference Sail 
Flat Sail 


0 10 20 30 40 50 60 
Angle of Incidence (deg) 


Figure y) NEA Scout 3-Dimensional Thrust Compared to Flat Plate 
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Figure z) NEA Scout 3-Dimenational Disturbance Torque Compared to Flat Plate 


